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MEDICAL DEVICE 

Xfichnteal fietd 

5 The present Invention relates to a method of producing a medical device for Insertion Into the 
vascular system of a living being. In particular an Intravascular stent or catheter. The 
Invention also relates to such a medical device, and to a tubular member for temporary 
Insertion Into tubular structures of a Ihring being for local treatment of cell disorders. Its 
method of manufacture and various applications thereof. 

10 Backortiund of the invention 

Medici devices, such as guide wires, medical tubings Including catheters, or implants. 
Including vascular Implants, such as vascular grafts, stents, stent grafbs, balloons and 
embolization devices are often used in various diagnostic procedures and medical treatments. 
Fluid drugs may for example be delivered into the vascular system of a living being by means 

15 of intravascular catheters. Stents for implantation in the lumw of a body duct are mainly 
used In the treatment of blood vessels exhibiting stenosis. Stents may contain drugs that 
after Implantation elute to the surrounding tissue as to avoid side effects such as ceil 
proliferation. It is generally desired that medical devices for insertion Into the vascular 
system of a living being meet certain physical requirements. For example, the medical 

20 devices must be able to conform to an often tortuous passage to the treatment site while 
being sufficiently rigid to enable secure Insertion. Furthermore, the surfaces of such medical 
. devices should be hydrophliic and have a low sur^ce friction In order to facilitate 

introduction. The surfaces may be coated with nitric oxide containing polymer mafrlx In order 
to ensure that ^e surfaces are hydrophliic. Such Nitric oxide releasing matrixes may also 

25 relax or prevent arterial spasm once the medical device is In place. Medical devices whitih are 
Intended to release drugs once inserted into the vascular system of a living being are usually 
covered or coated with appropriate pharmaceutical compounds. Expandable stents are often 
placed on an angioplasty balloon catheter which, once in place, is Inflated in order to cause 
the stent to expand. Altematlveiy, stents may be made from a material which has a recovery 

3D capacity such as a super elastic alloy, such as NItinol, so that the stents may automatically 
expand, once In place. Such self expanding stents are often delivered by a telescopic tube 
arrangement where an outer member is removed e.g. by forced sliding over an Inner 
member to which the stent Is fixed prior to expansion. 
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In the prior art, various medtcal devices. Including stents and catheters/ as well as methods 
for their manufacture have been proposed. US patent No, 6,030,371 discloses a method for 
' nonextruslon manufacturing of catheters that can be used to produce catheters. A polymer 
material in a particulate preform Is applied in a layer over an outer surface of a core member. 
5 By applying the layer in a particulate preform, a composition of the polymer material can be 
varied continuously as it is being appiied to provide a variable hardness over the length of 
the catheter, A fibrous reinforcement can be used having a constant or variable pitch and a 
constant or variable number of fibers and fiber types may be employed. US 6,030,371 further 
disdoses the use of a plurality of mandrels placed side-*by-slde to form a multiple lumen 
10 tubing. 

various ntctric oxide (NO) donor compounds, pharmaceutical compositions containing such 
nitric oxide donor compounds and polymeric compositions capable of releasing nitric oxide 
have also been proposed in the pHor art. US patent No. 5,691,423 discloses a polymeric 
composition capable of relea^ng nitric 0)dde, and US 5^962,520 is concerned with a polymer 
15 capable of carrying and releasing a pharmaceutical compound. US 5,958,427 Is directed to 
nitric oxide donor compounds and to pharmaceutical compositions for pulmonary 
hypertension and other indications, and US 6,147,068 discloses a composition of amine that 
was reacted with nitric oxide for delh^ng nitric oxide. 

SHmmary gf the invention 

20 It is an object of the present invention to provide a new method for producing a medical 
device for Insertion Into the vascular system of a living b^ng. 

In a first aspect, the Invention provides a method of produdng a medical Implant, such as a 
medical tubing, such as a vascular implant, a vascular graft, stent, stent graft, embolization 
device or catheter for insertion into the vascular system of a living being, the method 

25 comprising the step of forming at least a portion of the medical device by spinning of 
nanofibers, preferably electrosplnning of such nanoflbers, which consolidate to form the 
medical device, or at least said portion thereof. It has been found that such spinning of 
nanoflbers may be more easily or accurately controlled than methods relying solely on 
spraying of polymers toward a core. This may ultimately confer the further advantage that 

30 medical devices may be made with smaller dimensions, such as smaller dlam^srs than 

hitherto. The present invention allows for the manufacture 6f devices. In particular imi^nts, 
such as stents, stent grafts, vascular grafts, embolization devices or catheters, with relatively 
low diameters which. In comparison to devices with larger diameters, facflitate Introduction of 
medical devices into the vascular system of a living being and reduce side-effects which may 

35 occur as a consequence of the introduction of medical devices. The spinning of nan^bers 
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allows fbr the manufacture of integrated csomposlte devices, in which two or more materials 
are interlocked on a molecular scale. In small dimensions while maintaining a sufficient 
mechanical stability. Cross-sectionai dimensions as small as the dimension of approximately 
2-5 molecules of the spun material may be achieved. The size of the molecules evidently 
5 depends from the source material used, the size of a polyurethane molecule being usually In 
the range of less than 3000 nanometers. It will thus be appreciated that medical devices, 
such as stents etc., may be manufactured with a much smaller diameter than hitiierto, 
typical prior art stents having a diameter of order of magnitude 2 mm and larger. 

It has also been found that medical de\^ces produced by preferred embodiments of the 
10 method according to the invention have a low surface friction, and that medical devices may 
be produced which are well-suited as reservoirs to drugs, i*e« medical devices in which the 
eiectrospun portions thereof constitute reservoirs for holding drugs or constitutes a matrix 
polymer source where the drug is either blocked Into the molecule chain or adheres to or 
sunnounds the molecide chain. The de\dces disdosed herein may carry any appropriate drug, 
15 Including but not limited to nitric o)Me composlttons and heparin. 

It should be understood that the term eiectrosplnnlng comprises a process wherein particles 
are applied onto a base element whidi Is kept at a certain, preferably constant, electric 
potential, preferably a negath/e potential. The partfdes emerge from a source which is at 
another, preferably positive potential. The poslthre and negative potentials may e.g. be 

20 balanced with respect to the potential of a surrounding environment, l.e. a room In which the 
process is being performed. The potential of the base element with respect to the potential of 
the surrounding atmosphere may preferably be between -5 and -30 kV, and the po^tlve 
potential of the source with respect to the potential of the surrounding atmosphere may 
preferably be between +5 and +30 kV, so that the potential difference between source and 

25 base element Is between 10 and 60 kV. 

Various i>o!ymer-based materials and oomposit matrixes hereof may form the nanoflbers, 
- Including polymer solutions and polymer melts. Applicable polymers are: polyamid. Including 
nylon, polyurethane, fluoropolymers, polyolefins, polyimldes, acryl, and polyesters* Further, 
carbon may be used as a fiber'forming material. 

30 In general, a low surfoce friction may be achieved by applying a hygroscopic material as a 
fiber forming material for the dectrosplnning process. Accordingly, once introduced Into the 
vascular system, the hygroscopic ^ectrospun material absorbs bodily fluid, resulting In a 
hydrcphllic low-friction suri^ace. A hygroscopic surface may for example be achieved with a 
polyunetliane or acryl nuiterlal. 
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The art of electrosplnnlng of nanofibers has developed considerably In recent years. US 
patent No. 6,382,526 discloses a prtx^ss and apparatus for the production of nanofibers, 
which process and apparatus are usemi in the method according to the present invention, 
and US patent No. 6,520,425 discloses a nozzle for forming nanofibers. It should be 
5 understood that the processes and apparatuses of tlie aforementioned US patents may be 
applicable In the method according to the present invention, but that the scope of protection 
Is not restricted to those processes and apparatuses. 

Typically, the diameter of the nanofibers is in the range of 2 to 4000 nanometers, preferably 
2 to 3000 nanometers. 

10 Tne base element of the nahosplnnfng process may con^st essentially of a string or a helical 
. coil element which Is preferably made from metal or from a polymer, such as a biodegradable 
polymer, such as from polylactldacid. A heDcal ooll element may define any curved trajectory 
In space, for example. It may fonrn a helical spring form or a so-called three-cRmensionai 
sphere In which the coll element extends in an apparently random fashion to match a cavity 

15 at the application site In the body of the living being. In certain embodiments, a further coll 
or three-dlmentional sphere may be wound around a first coil which has the form of a helical 
spring. Coll elements are often employed as embolization devices. 

Alternatively, the base element may comprise one or more partldes, preferably metal 
particles, such as tantal or tungsten partldes, onto whidi filaments are applied by 

20 electrospinning. The partldes may be provided on a film of a plastics material, or they may 
be coated with electrospun nanofibers In a fluid bed arrangement. The fluid bed may be 
arranged with an air stream at a negative potential with the source of electrosplnnlng at a 
positive potential. Such partldes provided with an electrospun filament may be injected into 
the body of a living being liirough a micro catheter, which also may be produced by 

25 dectrosplnning of nanofibers. Sudi partldes to which there is applied an electronspun nano 
filament are often employed as embolization devices. 

It has surprisingly been found that a fibrous surface or a thrombogenic material provided, 
e.g. on a coll member covered with nanospun fibers, may enhance formation of thrombus or 
embolization which is advantageous for curing arterial malfunctions in the vascular system . 

. • 30 — T he device, for exa m p l e a tubing, such as a catheter. Implant, graft, stent or stent graft, may 
be produced by the present invention may define a plurality of sections along Its length. For 
example, the sections may have different properties, sudi as different hardness. Such 
dUffisrent properties may be arrived at by employing diffierent f)b^«-formlng materials for 
different sections and/or Izy changing production parameters, such as voltage of electrorips in 
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the electrosplnning process, distance between high-voltage and low-voltage electrodes^ 
rotational speed of the device (or of a core wire around which the device is manufactured), 
electrical field Intensity, corona discharge initiation voltage or corona discharge current. 

In a second aspect, the Invention provides a tubular member for temporary Inserdoti Into 
5 tubular structures of a living being for local treatment of cell disorders, such as Inflammation, 
proliferation and cancer, the tubular member defining a body portion and comprising an outer 
surface layer containing at least one pharmaceutlcally active substance, wherein at least the 
outer surface layer Is formed by nanoffbers. Temporary Insertion of the tubular member is 
usually applied In angioplasty, whereby a blood vessel Is stretched and its cell tissue 

10 structure is traumatized. A risk of cell disorder during the healing of t^e blood vessel follows 
such angioplasty Intervention and may lead to re-ctosure, he. blocking, of the blood vessel. 
Such rs-dusure may be prevented by the pharmaceutically active substance vtfHlch Is 
released to the cell tissue directly from the outer surface layer of the tubular element, while 
the tubular element Is still In place at the treatment site. In one preferred embodiment, the 

IS outer surface layer Is made from a nitric 0)dde donor compound, sudi as a nanofiber of linear 
poly(ethylenlmine) diazeniumdiolate as disclosed In European patent No. EP 1 220 B94 Bl, 
which is hereby Incorporated by reference In Its entirety. 

Tlie body portion of the tubular member and the outer surface layer may be defined by one 
- 20 integrated polymer matrix, for example the molecule disclosed In EP 1 220 694 Bl. It may be 
made from any suitable polyurethan and/or carbonate, and It may tndude a ph-decreasing 
compound, e.g. vitamin C, which acts as a catalyst for the NO release. Alternatively, the body 
portion of the tubular member and the outer surface layer may be defined by at least two 
separate polymer matrices. l=ior example, the pharmaceutically active substance may be 
25 mixed Into a liquid sut^stance from which the body portion is manufactured prior to 

manufacturing of the body portion. In both alternatives, the outer surface layer may e,g, be 
manufectured by dip coating, co-extruslon or electrostatic spraying as described In more 
detail below. In summary, at least the polymer matrix of the outer surface layer may contain 
molecules capable of releasing the at least one pharmaceutically active substance. 

30 

The pharmaceutically active substance may comprise nitric oxide which is releasable In the 
gas phase, e.g. In order to prevent proliferation. It Is desired that nitric oxide is released Into 
the body tissue In the gas phase immediately upon placement of the tubular member at the 
treatment site, or within 5 minutes at most from Its placement. As nitric oxkfe Is released In 
35 the gas phase. It may be achieved that no or only few re^dues of the NO donor are deposited 
In the tissue. 

In preferred embodiments of the present Invention, NONO ' ates may be applied as nitric 
oxkle donors. NONO'ates break down Into the parent amine and NO gas In an add catalyzed 
40 manner, according to the below Hgure, cf, US 6147068, Larry IC Keef^ Methods Emymoi, 
(1996) 268, 281-293, and Naunyn-Schm^deberg 's Arch Pharmacol (1998) 358, 113-122. 
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NO is released within the spun polymer matrix. As the matrix is porous, water may enter into 
the matrix. The HO molecule can be transported out of the matrix and Into the tissue in a 
number of ways and combinations hereof. In the fc^lowlng some scenarios are described: NO 
5 becomes dissolved In water within the matrix and transporiied out of the matrix by dimjslon 
or by water flow; NO diffuse out of the matrix m gas form and becomes dissolved in water 
.Outside the matrix; NO dimjses from water into the tissue; NO drff uses aii the way frnm the 
matrix in gas form into the tissue. 

As Illustrated In the above figure, the rate of NO liberation highly depends on ttie pH of the 
10 media. Thus, by addition of various amounts of an add to the matrix, the rate of NO 

liberation can be conbiolled« As an example, ^e halMive of NO liberation at pH » 5.0 Is 
approximately 20 minutes whereas at pH » 7 A the half-live is approximately 10 hours. As an 
^cample, the add can be Ascorbic Acid. 

The loading of NO onto the linear PEl can be varied. As an example, every third nitrogen 
15 wMin the linear PEI can be loaded with a NONO 'ate moiety. Depending on the applied 
conditions the linear NONO-PQ can liberate various fractions of the total amount of . 
reteasable NO. 

In order to facilitate passage of the tubular member to die treatment site along an often 
toriaious path, a hydrophiilc layer is preferably applied to the outer suritee layer. The 
20 hydrophiilc layer may be provided as a separate layer of material. /Utematively, the outer 
surface layer may Itself exhibit hydrophiilc properties. 

The outer surface layer may advantageously Include vitamin C which acts as a catalyst for 
releasing the pharmaceutically active substance, e.g. nitric oxide. Vitamin C is capable of 
25 changing the ph-value at the treatment site, the release rate of nitric oxide at the treatment 
sfte^varying as a function of Hie local ph-value. Thus, the presence of vitemin C may boost 
the-nltric oxide release. I.e. provide a shock-lll<e release of nitric oxide. 

In generdi, the release of nitric oxide is described In Prevention ofintfmal hyperplasia after 
30 angioplasty and/or stent Insertion. Or, How to mend a broken heart by JPan Hamek MD, 
Heart Radiology, University of Lund, Sweden, 2003. 
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Such shock-iike release of vitamin C is in particular beneficial when the outer surface layer 
defines an outer surface layer of an angioplasty balloon. Thus, the body portion and the outer 
surface layer may define an ecpandable coated angioplasty balloon, such as a PTA 
(percutaneous translumenat angioplasty) balloon, a PTCA (percutaneous translumenal 
5 coroner angioplasty) balloon or a PTNA (percutaneous translumenal neurovascular 
angioplasty catheter). 

The pharmaceutlcally active substance Is provided In the form of biodegradable beadings 
distributed between the nanoflbers, the beadings being capable of releasing the 

10 pharmaceutlcally active substance and. In the case of biodegradable beadings, to degrade 
following release. Such beadings, which are described in more detail In Danish patent 
application No. PA 2003 1204 corresponding to US provisional application No. 60/496,909 
which is hereby Incorporated by reference In Its entirety, may penetrate Into the tissue at the 
treatment site and release the pharmaceutlcally acUve substance there. Alternatively, the 

15 may be of a size which Is so small that they may be transported away, e.g. with the flow of 
blood, away from the treatment site. 

The nanoflbers may be spun by electrospinning as described herein in connection with the 
first aspect of the invention. The diameter of the nanofibers Is preferably In the range of 2 to 
20 4000 nanometers* 

The outer surface layer may be formed on a separate flexible tul>e or "^sock^ which is slipped 
over the tubular member. Acoorcfingly, various flexible tubes having various properties or 
Incorporating various pharmaceuticaliy active sut^stance may be Inexpensively manufactured 
25 and slipped over traditional, mass manufactured balloons. 

In an unexpended state of the balloon, the flexible tube may be folded around the tubular 
member, so that the flexible tube, when seen In cross-section, defines a spoke-and-hub** 
formation with respect to the tubular member, 

30 

The outer surface layer may be formed by dip coating of said body |K>rtlon or by dip coating 
of the flexible tube (or ""sodO- Alternatively, the polymer matrices of the body portion and 
the outer surface layer are formed by co-extruslon, or. In yet another embodiment, the outer 
surface layer may be formed by electrostatic spraying of parttdes onto the body portion. 
35 These manufacturing processes are known perse. For example, dip coating Is used In the 
rubber industry for the manufacture of latex products, and oo-e)dru$lon is e.g. applied in the 
manufacture of fR)re-optics cables. 

In case the tubular member Is applied in the treatment of cancer, the pharmaceutlcdily active 
. 40 sutetance may comprise a chemotherapeutical agent. 

As described above, the pharmaceutlcally active substance may be contained In 
micropartldes, such as microspheres and microcapsules. Such rrdoopartldes are In particular 
useful in the treatment of cancer. The micropartldes may be biodegradable and may be 
45 made from a l^kxJegradable poiymear such a$-a-pol^acchdiide, a polyamtno.add, a 
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poly(phosphorester) biodegradable polymer, a polymers or copolymers of glycollc add and 
lactic acid, a poiy(dloxanone), a poly(trimethy]ene carbonate)copoiymer, or a 
poly(a-caprolactone) homopolymerorcopolymen 

5 Alternatively, the micropartlcfes may be non-blodegradable, such as amorphous silica; 
carbon, a ceramic material, a metal, or a non-biodegradable polymer* 

The mlcropartldes may be m the form of microspheres that encapsulate the pharmaceutlcally 
active substance, such as the chemotherapeutic agent. The release of the pharmaoeutlcaiiy 
10 active substance commences after the administration* 

The encapsulating microspheres may be rendered leaky for the pharmaceuticaHy active 
substance by means of an electromagnetic or ulb'asound shodc wave. 

In a third aspect, the Invention provides a method of producing a tubular member for 
temporary Insertion Into tubular structures of a Ih^lng being for local treatmmt of cell 
disorders, such as Inflammation, proliferation or cancer, the tubular member defining a body 
portion and comprising an outer surface layer containing at least one pharmaceutlcally active 
substance, wherein at least the outer surface layer is formed by nanoflbers, the method 
comprising selecting at least one polymer matrix for the outer surface layer, whidi polymer 
matrix controls the rate of dilution of the pharmaceuticaliy active substance. The tubular 
mmiber may be a member according to the second aspect of the invention. 

In a fourth aspect, the invention provides a method of treating cell disorders In tubular 
structures of a living being, comprising the steps of: 

- pladng a tubular memba^ at a treatment site within the tubular structures, the tubular 
member defining a body portion and comprising an outer surface layer containing at least 
one pharmaceutlcatly active substance; 

- expanding the tubular member at the treatment site; 

- releasing the pharmaceuticaliy active substance at the treatment site; 
wherein the step of releasing Is controlled by the presence of a ph-oontrolling substance 
contained In the outer surface layer. 

The tubular member, which may be a tubular member according to the second aspect of the 
3S invention, may be self-expanding or balloon expanding. 

In order to control the release of the pharmaceutlcally active substance as descHbed above In 
connection with the second aspect of tiie invention, the ph-controlling substance may have a 
ph-decreaslng effect at the treatment site, the ph-oontroillng sutatanoe comprising e.g. 
. 40 vitamin C. 

The method according to the fourth aspect of the invention may e.g be applied in the 
treatment of cancer or stenosis. 



45 
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Brief deerripHnn of y^f^ t1mWl"T- 

A preferred embodiment of the Invention will now be further descHbed wftti reference to the 
drawing, in which: 

Rgs- 1-6 are step-bystep illustrations of a prefemed embodiment of a method far producing 
5 a medkal tubing; 

Fig. 7 shows a longitudinal side view of the stent partially coated with nanospun flbei^; 
Rg. 8 Illustrates an embolization device in the form of a three-dimensional sphere; 
Fig. 9 is a cross-sectional illustration along line A-A in Rg. 8; 

Rg. 10 Illustrates an embolization device in the form of partlcle, onto which Uiere Is api^led 
10 filaments by electrosplnning; 

Rgs. 11-13 show two different embodiments of an angioplasty balloon catheter in acoorviance 
with the second aspect of the invention. 

Peailed d^fflptlon of Vh^ drawing 

Though the invention will now be further described with reference to Hie tubing illustrated In 
15 Rgs. 1-6, the stent In Rg. 7 and the embolization devices of Figs. 8-10, It will be appreciated 
that the below de»:rlptlon is not limited to medical tubing, stents and embolization devices. 
Accordingly, any other medical device for the Introduction into the vascular system of a living 
being may be produced as described below. 

In the embodiment of Rgs. 1-6, the nanoflbers are spun onto an outer surface of a core 
20 member. The core member comprises a core wire (or mandrel) 100, a layer 102 of PTFE 

applied to an outer surface of the core wire, a coating 104 of a thermoplastic material applied 
to an outer surface of the PTFE layer 102, and at least one reinforcing vyrtre 106 applied to an 
outer surface of the thermoplastic coating, with the filaments of electrospun nanoflbers being 
provided as an outer layer 108, I.e. enclosing the reinforcing wire and the thermoplastic 
25 coating. A hydrophlilc layer 110 is optionally applied to an outer surface of the device, cf. Rg. 
6. 
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Preferably, the diameter of the guide wire Is at least 0.1 mm, prefferably In the range of 0.1 
to 1.0 mm. The thermoplastic coating, which is preferably a coating of polyurethane (PU), 
preferably has a thldoness of 5 pm to about 0.05 mm, preferably o.Ol mm *20%. The 
reinforcing wirB(s) preferably ha^have a diameter of 5 pm to about 0.05 mm, preferably 
0.01 mm ^20%. 

There may be provided one single core wire or a plurality of core wires which may be 
arranged slde^iyslde and extend in parallel. In the case of a plurality of core wires, the 
tubing so produced is a so-called multiple lumen tubing, with the core member being 
constituted by the plurality of core wires, around which the nanoflbers are spun, so that the 
nanofibers and optionally the PTFE layer, thermoplastic layer and reinforcing wlre(s) enclose 
the piuranty of core wires. A multiple lumen tubing Is for example ussfuS In connection with 
pressure measurements, Ibr example for measuring a pressure drop across stenosis. One or 
more passages of a multiple lumen tubing may be used for transmitUng lights, for example 
light which may be emitted through biood, thereby fisciiitatlng diagnostic procedures. 

15 As described above, a layer of PTFE 102 may be applied to an outer surface of the core 

member 100. At least a portion of the surface of the layer of PTFE, such as the portion onto 
which the nanofibers and/or the thermoplastic coating are to be applied, may be modified for 
Improved bonding of material to the outer surface of the PTFE layer. Preferably, such 
modifying comprises etching, which may for example result in a primed PTTE surface for 
Govalent bonding or gluing. Etching may be achieved by applying a flux add or hydroflouric 
add to a surface of the PTFE layer. The layer of PTFE may be provided as a hose which Is 
slipped over and co-extends with the core wire, or, in the case of a multiple lumen tubing, 
the plurality of core wires. 

A coating of a thenrtoplastlc material 104, sudi as polyurethan (PU), may be provided to an 
25 outer surface of the core member 100, 1.e. to an ouber suface of the PTFE layer 102 In case 
such a layer has been provided. Following the step of providing the layer of FIFE 102 and^or 
the step of providing the therTtioplastlc coating 104, one or more relnfordng wires 106 may 
be applied to an outer surfiaoe of the core member lOO, i.e., in a preferred embodiment, to 
an outer surface of the polyurethane coating 104. The i^infbrcing wire(s) may consist of one 
30 er-wlres made from steel or/and wires made fh»m yam, such as carbon fBament, which may 
be-appHed by winding. Alternatively, the relnfordng wire may be applied by spinning of 
nanoffbeis, preferably by electrospinning as described above. The electrospun reinforcing 
wire may be formed from cart)on or polymer, including polymer solutions and polymer melts. 
Appiicable polymers are: nylon, fluoropolymers^ palyotefins, pdylmldes, and polyesters. 
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While forming the medical device, or at least while forming that portion of the medical device 
which is formed by electrosplnnlng, the core member 100 is preferably rotated^ so as to 
evenly distribute the nanofibers around the outer surface of the core member. 

In a preferred embodiment of the Invention, nanofibers 108 are applied to the outer surface 
5 of the core member at this stage, that Is preferably to the outer surface of the thermoplastic 
coating 104 which is optionally reinforced by the relnfordng wire(s). TTie elecbt>splnnlng 
process Is discussed In detail above. 

A solvent, such as tetrahydroforane (THF) or Isopropanoi alcohol (XPA), may subsequently be 
applied to an outer surface of ttxe core member, the outer surface being defined by the 

IQ e!ec^'*ospun portion (or layer) 106 of the device. The thermoplastic coating 104 thereby at 
least partially dissolves In the solvent, so as to bond the reinforcing wire(s) 106 thereto. The 
reinforcing wire(s) 106 thereby beoome(s) embedded in the thermoplastic coating 104. It has 
been found that the st^ of providing the solvent results in a highly dense surface with a low 
surface friction, which is believed to be due to crumpling or shrinidng of stretched molecules 

15 of eiectrospun nanofibers once the solvent Is applied. 

A stent graft may be produced by omitting the step of applying the solvent. 

The cone wire 100 (or mandrel) is removed from the device following the step of applying the 
solvent or prior to the step of applying solvent but subsequent to the step of applying the 
filament of eiectrospun nanofibers 108. 

20 Rg. 7 illustrates a zig-zag corrugated stent 109 with portions of eiectrospun nanofilaments 
111 appned to a surface thereof. 

Rg. 8 illustrates an embolization device In tt)e form of a three-dimensional sphere, produced 
by a method according to the invention. Eiectrospun nanofiiaments are applied to a base 
element 112 which, as shown in the cross-section of Rg. 9, oon^sts essentially of a string or 
25 coil element. 

Fig. 10 illustrates an embolization device in the form of a tantal particle 114, onto which 
there is applied eiectrospun filaments 116. 

Rg. 11 shows dlfferervt embodiments of an angioplasty balloon catheter in accordance with 
the second aspect of the invention. In the upper drawing of Rg. 11 there Is shown an inflated 
30 balloon which comprises an outer surface layer made from eiectrospun nanofibers. The 
balloon Is carried by a guidewire 122. 



29/04 2004 THU 17:61 FAX 4-45 4518618B InspicOfi A/S 



aoi3/g^o 



1566XDK02 

12 

The middle drawing of Rg. 11 shows a non*lnflated balloon 124 over vrtUch there Is slipped a 
tube or^sock"' 126 made from electrospun nanoflbers. In the lower drawing of Rg, linn the 
dashed lines show the contour of the balloon 124 and the sock 126 when the balloon Is 
Inflated, 



Figs. 12 and 13 are schenoatlc Illustrations of an unexpanded state of a balloon, wherein a 
flexible tube Is folded around the tubular member, so that the flexible tube, when seen In 
cross-section, defines a spoke-and-hub-fbrmatlon with respect to the tubular member. 
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CLAIMS 



1. A meuiod Of producing a medical device for Insertion into the vascular system of a living 
being the jnethod comprlsfng the step of fermlng at least a portion of the medical device by 
spinning of nanoflljers. 

S 2. A method according to daim 1, wherein the step of spinning comprises electK)spinning. 

i t T^r. """"""^ 1 or 2, Wherein the diameter of the nanofll»« is in the range 

Of 2 to 4000 nanometers. 

4. A method acoording to any of the orecedrnn rfAimc «,k«.-.i« >u-. ^ . 

fi&arflM^ ^ « ^ « " ' — *wr^.,, vi s»|j|iiiiifig QOHipHSeS 

feeding a first fibei-torming material into a nozzle ft>rft)milng nanonbers by using a 
pressurized gas stream, and ejecting the first fibei-foitning material ftom an exit orlfioe of 
the nozzle in the form of a plurality of strands of said fittt flber-termlng material that soiidifV 
and fiorm said nanofibers. 

5. A method according to any of the preceding claims, wherein tt» nanoflbere a« made from 
a polymer. 

15 6. A method according to any of the preceding claims, comprising: 

- providing at least one core memben 

- forming the medical device by spinning the nanofibers onto an outer suri-ace of the oor« 
member. 

20 Ll^M.r"" T"""^ ^' the Step Of p„«rtdlnfl the cor* member comprises 

20 providing a guide wire or a mandrel. 

tlT^T, ^"^"^ ^""^ ^ ^^'"^ ^ <*»«"«*er Of the guide wlr« 

or mandrel is at least 0.1 mm. 

9. A method acoording to daim 8. wherein the diameter of the guide wire or mandrel is at 
most 1.0 mm. 

25 10. A method according to daim 6, wherein the step of providing the core member comprises 
providing a bundle of elongated members, so as to provide a multiple lumen tubing. 
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11- A method according to any of claims 6-10, further comprising, prior to the step of 
spinning, providing a layer of FTFE to an outer surface of the core member. 

12. A method according to dalm 11, further comprising modif/lng at least a portion of a 
surface of the layer of FTFE. 

5 13. A method according to daim 12, wherein the step of modifying comprises etching. 

14. A method according to any of the preceding claims, ftirther comprising, prior to the stop 
of spinning, providing a coating of a thermoplastic material to an outer surfiace poriifon of the 
core member. 

15. A method according to dalm 14, wherein the thermoplastic material Is provided to an 
10 outer surfiace of *e modified iayer of PTI^E. 

16. A method according to dalm 14 or 15/ wherein the thermoplastic material ccmsls^ 
essentially of polyurethane. 

17. A method according to any of daims 6-16, further comprising applying, prior to the step 
of spinning, at least one relnlbrdng wire to an outer surfiace portion of the core rhember. 

15 18, A metiiod according to dalm 17, wherein the at least one relnfbrdng wire Is applied to an 
outer surface portion of the coating of said thenmoplastic material. 

19, A method according to dalm 17 or 18, wherein the at least one retnfordng wire Is applied 
by winding. 

20. A method according to daim 19, wherein the reinforcing wire Is made essentially from 
20 steel wire or yann, such as carbon filament. 

21, A method according to dalm 17 or 18, wher^n toe at least one relnfordng wire is applied 
by spinning of relnfordng nanoflbers. 

22. A method according to daim 21, wherein the step of spinning said relnft»xang nanofibers 
comprise electrospmnlng. 

- 25 23. A method according to dalm 21 or 22, wh^eln the diameter of the relnfordng nanofibers 
is in the range of 2 to 4000 nanometer?. 
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24. A method according to any of dalms 21-23, wherein the step of spinning said r^lnforelng 
nanoflbers comprises feeding a second flber-forming material into a nozzle for forming 
nanoHbers by using a pressurized gas stream, and Meeting the second fiber-fbm>lng material 
from an exit orifice of the nozzle In the fern, of a piutBllty of strands of said second ilber- 
fomiing material that solidify and form said nanoflbers. 

25. A method according to any claims 21-24, wherein the relni%)ix:lng nanoflbers are made 
iTom a polymer. 

26. A method according to any of claims 7-25, further comprising removing the core wlr« or 
mandrel following the step of spinning said nanoflbere. 

27. A method acoordin9.to any of claims 6-26, ftirther comprising continuously rotating the 
core member vme forming the medical device by spinning. 

28. A method according to any of claims 17-27, further comprising applying a solvent to said 
outer surface portion of the core member, so as to bond the at least one relnfbrdng wire to 
the outer surface portion. 

29. A method according to any of the preceding claims, wherein the sohrent Is applied 
subsequent to the step of forming said portion of the medical device by spinning of 
nanoflbers. 

30. A method of producing a medical stent assembly comprising an Intravascular tubular 
stent, the method comprising pnoducb^ the stent by a method aocoitiing to any of the 
preceding claims. 

31. A method Of producing a medical catheter assembly comprising an Intravascular tubular 
catheter, the method comprising producing the catheter by a method according to any of the 
preceding dalms. 

32. A medical device adapted to be inserted into the vascular system of a living being, at 
least a portion of the medical device being formed by spun nanoflbers. 

33. A medical device according to daim 32, wherein said portion is formed by elctrospun 
nanoflbers. 
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34. A medical device according to claim 32 or 33, wherein the diameter of the nanonbers Is In 
we range of 2 to 4000 nanometers. 

35. A medical device according to any of claims 32-34, wherein the nanofibers are made from 
a polymer. 

36. A medical device according to any of claims 32-35, the medical device endosing a bundle 
of elongated members. 

37. A medical device according to any of claims 32-36, wherein an inner layer of the medical 
device consists essentially of PTFE. 

. n ~ ""^^^ aooonling to dalm 37, wherein at least an outer surface portion of the 
10 PTFE layer has been modified. 

39. A medical device according to dalm 38, wherein outer surface portion of the ftfe layer 
has Iseen modifted by etching. 

40. A medical device according to any of daims 32-39, wherein a coating of a thermoplastic 
material is provided to an outer surface portion of the PTFE layer. 

15 41. A medical device according to dalm 40, wherein the thermoplastic material is provided to 
an outer surfeoe of the modified layer of PTFE. 

42. A medical device according to dalm 40 or 41, wherein the thermoplastic material consists 
essentially of polyurethane. 

43. A medical device according to any of daims 40-42, wherein at least one reinforcing wire 
20 is appHed to an outer surface portion of the coating of thermoplastic material. 

44. A medical device according to dalm 43, wherein the at least one r^lnftoiting wire Is made 
essentially frem steel wire or yam, such as carbon filament 

45. A medical device according to dalm 43 or 44, whei«in the at least one r«infoix:lng wire Is 
wound.a round sai d coating of thermoplastic matertel. 

^ "^T^ '"' according to daim 43, wherein the at least one reinforcing wire is 
applied by si^nning of relnfordng nanoflbers. 
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47. A medical device according to dalm 46, wherein the at least one reinforcing wire Is 
applied by electrosplnning of the relnfbrdng nanofibers. 

48. A medical device according to claim 47^ wherein the diameter of the reinforcing 
nanofibers Is in the range of 2 to 4000 nanometers. 

5 49. A medical device according to any of daims 46-49, wherein the relnfordng nanofibers are 
made from a poiymen 

50. A stent assembly comprising an intravascular tubular stent, the tubular stent comprising 
a medical device according to any of dalms 32-49. 

51. A stent assembly according to daim 50, wherein the portion of the medical device which 
10 has been formed by spinning of nanofibers constitutes a resen^olr to hold at least one drug. 

52. A stent assembly according to daim 51, wherein said at least one drug is liquid-based. 

53. A stent assembly according to daim 51 or 52, wherein said at least one drug comprises 
nitric oxide. 

54. An intravascular medical catheter comprising a medical device according to any of daims 
15 32-49. 

55. An embolization device produced by a method according to any of dalms 1-31. 

56. A tubular member for temporary inseri:lon into tubular structures of a living being for 
local treatment of cell disorders, the tubular member defining a body portion and comprising 
an outer surface layer containing at least one pharmaoeutically active substance, wherein at 

20 least the outer surface layer Is formed by nanofibers. 

57. A tubular member according to dalm 56, wherein the body portion of the tubular member 
and the outer surface layer are defined by one Integrated polymer matrix. 

25 58. A tubular member according to dalm 1, wherein the body portion of the tubular member 
and the outer surf^ace layer are defined by at least twd separate polymer matrices. 

59. A tubular member according to any of dalms 56-58, wherein at least the polymer matrix 
of the outer surface layer ccmtalns molecules capable of releasing the at least one 
30 pharmaceutlcally active substance. 
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60, A tubular member according to claim 59, wherein the pharmaceuticdlty active substance 
Is nitric oxide whidi Is releasable In the gas phase* 

61, A tubular member according to any of claims 56-60, wherein the outer surface layer fs 
5 essentially made from a polymeric linear polyCethylenlmlne) diazenlumdiolate. 

62, A tubular member according to any of claims 56-61, wherein a hydrophlflc layer Is 
applied to the outer surface layer. 

10 63. A tubular member according to any of dalnns 56-62, wherein at least the outer surfece 
layer contains C-vltamln. 

64, A tubular member d<xording to any of daln^ 56-63, wherein the body portion and the 
outer surface layer define an expandable coated angioplasty balloon. 

15 

65. A tubular member according to any of datms 56-64, wherein the pharmaceutlcally active 
substance Is provided In the form of biodegradable headings distributed between the 
nanofibers* 

20 66. A tubular member according to any of dalms 56-65, wherebi the nanofibers are spun by 
electrospfnnlng. 

67. A tubular member according to any of the claims 56-66, wherein the diameter of the 
nanofibers is in the range of 2 to 4000 nanometers. 

25 

68. A tubular member according to any of dalms 56-67, wherein the outer surface layer is 
made from a hydrophlllc material. 

69. A tubular member according to any of dalms 58-68, wherein the outer surface layer is 
30 formed on a separate flexible tube which Is slipped over the tubular member. 

70. A tubular member according to daim 69, wherein. In an unexpanded state of the balloon, 
the flexible tube is folded around the tubular member, so that the flexible tube, when seen in 
cross-section, defines a spolce-and-hub-formation with respect to the tubular member. 

35 

71. A tubular member according to any of dalms 56-70, wherein the outer surface layer Is 
formed by dip coating of said body portion. 

72. A tubular member according to daim 69 or 70, wherein ^e outer surface layer Is fbnmed 
. 40 brdtp coating of the flexible tube. 

73. A tubular member according to any of dalms 58-72, wherein the polymer matrices of the 
body portion and the outer surface layer are formed by co-extnjsion. 
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79. A tubular member ecoordlng to daim 78, wherein the micropartldes are biodegradable. 



80. A tubular member according dalm 79, wherein the micropartldes are of a material 
sheeted ftx>m the group consisting <^ a biodegradable polymer sudi as a polysaccharide/ a 

20 polyamino acid, a poly(phosphorester) biodegradable polymeo a polymers or copolymers of 
gtycolic add and lactic add, a poly(dioxanone), a poiy(trim^thylene carbonate)copolymer, 
and a poly(a-caprolactone) homopolymer or copolymer. 

81. A tubular member according to daim 77 or 78, wherein the micropartldes are non- 
25 biodegradable. 

82. A tubular member according to dalm 81, wherein the mlcropartides are of a material 
selected from the group consisting of amorphous sllica, carbon, a ceramic material, a metal, 
and a non^-l^lodegradable polynner. 



19 

74. A tubular member according to any of claims 56-68, wherein the outer surface layer Is 
formed by electrostatic spraying of partldes onto the body portion. 

75. A tubular member according to any of claims 56-74, wherein the pharmaceuUcaily active 
5 substance comprises nitric oxide. 

76. A tubular member according to any of cialms 56-75, wherein the pharmaceutically active 
substance comprises a chemotherapeutlcal agent. • 

! 

10 77. A tubular member according to any of dalms 65-76,. wherein the pharmaceutically active \ 
substance Is contained in micropartldes. i 

a 
I 

78. A tubular member according to dalm 77, wherein the micropartldes are selected from 
microspheres and microcapsules. 



30 I 

83. A tubular member according to dalm 82, wherein the micropartldes are in the form of | 

microspheres that encapsulate the pharmaceutlcaiiy active substance and wherein release of 1 

ttie pharmaceutically active substance commences after the administration. j 

35 84. A tubular member according to dalm 83, wherein the encapsulating microspheres are 

rendered leaky for the pharmaceutically active substance by means of an electromagnetic or ! 
ultrasound shodc wave. | 

! 

85. A method of produdng a tubular member for temporary Insertion Into tubular structures \ 
40 of a living being for local treatment of cell dtsordersr the tubular member defining a body 

portion and comprising an outer surface layer containing at least one pharmaceutlcaRy active 
substance, wherein at least the outer surface layer is formed by nanoflbers, the method 
comprising selecting at least one polymer matrix for the outer surface layer, which polymer 
matrbc controls the rate of dilution of the pharmaceutically active substance. 

45 
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86. A method of treating cell disorders in tubular structures of a living being, comprteing the 
steps of: 

• placing a tubular menober at a treatment site within the tubular structures, the tubular 
member defining a body portion and comprising an outer surface layer containing at least 
5 one pharmaceutlcally active substance; 

- expanding the tubular member at the treatment site [self-expanding or balloon expanding]; 

- releasing the pharmaceutically active substance at the treatment site; 

wherein the step of releasing Is controlled by the presence of a ph-controlllng substance 
contained In the outer surface layer. 

0 

87* A method according to dalm 86, wherein the ph-controliing substance has a ph* 
decreasing effect at the treatment site. 



15 



88. A m^od according to dalm 87, vrttereln the ph->Gontrolling substance comprises vitamin 
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